In response to a changing environment, Statistics Netherlands has embarked on a large-scale redesign of the way statistics are produced. The aim is to increase the capability to respond to changing information demand, to lower the response burden for surveys, especially for businesses, and to improve efficiency, while preserving the overall quality level. The redesign is carried out within the framework of a so-called enterprise architecture, which gives overall guidance when structuring the processes of the organisation, including statistical methods and IT tools used. The article describes the redesign approach and explains the main features of the architecture. The emphasis is on experiences that may be relevant to other national statistical institutes operating in a similar environment.
Introduction
The context in which official statistics are produced by national statistical institutes (NSIs) has profoundly changed in the last decades (Van der Veen 2007). Many NSIs are experiencing budgetary tightening and political pressure to reduce the administrative burden of survey participation, especially in the business sector (Ypma and Zeelenberg 2007) . At the same time, NSIs are facing an ever-growing demand for statistical information. This relates to new and changing user needs for relevant statistics, for example about the financial downturn or immigration, as well as to the timeliness and amount of detail with which statistics are to be released. In the European Union (EU), the number of regulations requiring EU member states to produce statistics has multiplied in the last two decades, for instance in the area of short-term statistics and annual business statistics.
In addition, technological advances have resulted in more possibilities for survey and automated data collection, and administrative registers have increasingly become available for statistical purposes. The amount of data available for use as input for statistics has grown significantly and requires integrating different data sources in an intelligent way.
To meet the challenges of a transforming environment, NSIs will have to adapt the way in which they produce statistics. This is widely acknowledged (Bae 2010; Doherty 2010; Falorsi et al. 2013; Galvin and Rhodes 2010; Lorenc et al. 2011; Studman 2010; Swiss Federal Statistical Office 2007) . At Statistics Netherlands (SN), the following key strategic goals have been formulated to guide this transformation: 1. It must be possible to quickly and flexibly respond to changing information demand. 2. The existing high quality standards must be maintained and coherence improved. 3. The reporting burden should be minimal, especially for businesses. 4. The statistical processes must be cost efficient.
Although other NSIs face more or less the same challenges, they may choose to concentrate on somewhat different strategic goals. The strategic aims themselves are not the focus of this article, but rather the way in which they can be achieved. Translating the strategy into the necessary organisational changes is where an enterprise architecture can be of value.
Briefly, an enterprise architecture can be seen as a general blueprint of how to create an organisation's processes and IT infrastructure (Lankhorst 2009 ). It can serve as a guideline for the redesign projects that are carried out to bring about the changes as well as for the management of change. The Generic Statistical Business Process Model (GSBPM) is an international reference for describing statistical production processes used by NSIs at a high level (Vale 2009 ). However, this model only covers part of an enterprise architecture as it mainly focuses on statistical processes.
This article illustrates how the enterprise architecture developed and used by SN contributes to realising its strategic goals. SN began developing the architecture in 2004. The purpose of the article is not to give a historic account, but to identify factors, pitfalls and practices that may be relevant to other NSIs operating in a similar environment and facing similar challenges. Obviously, the enterprise architecture has been developed given a specific context. SN is a centrally organised institute that is responsible for providing 95% of official statistics in the Netherlands. This situation is quite different from that in other countries where there are several producers of official statistics like ministries and regional agencies. Institutional independence is guaranteed by law. European statistical requirements have a serious effect on the work programme of SN: more or less 70% is determined by European regulations, which are legally binding for the EU member states. Nevertheless, most key elements of the enterprise architecture -and the architectural approach itself -are independent of the local context.
We start in Section 2 with arguing for an integral approach to producing statistics, moving away from the traditional approach of independent, parallel production lines (sometimes called 'stovepipes' or 'silos'). The integral approach is incorporated in the enterprise architecture of SN, which is described in Section 3, together with an example of its application in economic statistics. The section illustrates how the architecture makes the strategic goals operational. In particular, it shows how the architecture can help to increase the responsiveness to new information needs and reduce the response burden. Having an enterprise architecture alone is not sufficient to realise the desired transformations. An important factor that also contributes to the achievement of the organisational goals is the standardisation of statistical methods and IT applications (Braaksma 2009 ). This is the subject of Section 4. The availability of such standards enhances the transparency and flexibility of the design of the statistical production process, thus increasing the potential for reuse and hence reducing costs. Greater transparency in designing production processes is also expected to result in a better grip on the quality of the statistical data produced. And it is important to embed the enterprise architecture in the organisation in order to successfully implement the ensuing redesign programme. Section 5 describes two organisational arrangements that have been made: a board for architectural issues and a board for portfolio decisions. Decisions on the enterprise architecture, on standards and on the implementation of the redesign programme are to be based on cost-benefit considerations. Section 6 is devoted to this side of applying an integral approach to statistics. Section 7 summarises our experiences and highlights some issues to be dealt with in the future, including international cooperation.
The Need for an Integral Approach
Traditionally, statistics of most NSIs are typically produced in more or less separate and autonomous production lines, each having their own methodology and IT systems. In a nutshell, the conventional way of producing statistics consists of surveying a sample or census of persons, households, businesses or institutions with a questionnaire, processing the data using appropriate methodology, compiling tables and explanations, and publishing results on the underlying population. This way of producing statistical information places much emphasis on the development of efficient methodology for data collection, data editing and analysis. Over many years, the accepted statistical methods and techniques have become increasingly sophisticated.
The changes in the environment in which they operate have prompted NSIs to re-examine their methodological research programmes (HLG-BAS 2012) . In the field of data collection, the research is now more focussed on the use of administrative registers and mixed-mode survey strategies, preferably using modes with lower per-unit cost (e.g., Internet). The new ways of data collection in turn call for advanced estimation methods for combining data from various sources, or for small areas (domains) where by design few data points are collected. The ambition to publish statistics more rapidly or work more efficiently has likewise driven improvements in macro-level editing and imputation techniques.
However, new and improved methods alone are not sufficient to completely attain the four strategic goals SN has set for itself, as they leave the traditional approach to producing statistics intact. There are two main reasons why retaining autonomous production lines may impede reaching the goals.
First, as independent production lines for statistical products typically have their own design, customised methodology and IT solutions, they are expensive to develop and maintain. Adopting a more integral approach to designing statistical production processes creates opportunities for economies of scale in process design, statistical methods, IT applications, development, training, and so on.
At SN, the costs of IT maintenance are particularly relevant. A decade ago, the statistical departments often had their own IT solutions, which were in many cases maintained locally. In fact, SN still has to deal with a large legacy of IT systems and their increasing maintenance costs. The sustainability of such solutions was eventually questioned. Incidentally, many large organisations face or have faced these problems, which can be seen as a natural corollary to the exponential growth of IT in the last few decades (Engelbertink and Vogt 2010) .
Second, although the designs of autonomous production lines may be optimised from a local point of view with respect to certain dimensions such as output quality and processing costs, there is no incentive to optimise these designs from a corporate point of view. Especially issues dealing with the coherence of statistics, but also the reduction of the reporting burden and the reuse of IT solutions should be tackled companywide. Moreover, autonomous production lines make it difficult to combine and reuse already available statistical data, which is necessary for a quick response to new information needs.
Full optimisation is the Holy Grail of so-called total survey design. However, a more integrated approach to statistics production requires optimising the set of production lines as a whole, that is, across the whole organisation. Reduction of response burden, for instance, is possible when the same source data can be used in more than one production line and, conversely, a specific set of statistical tables may be based on a number of sources. This leads to an interconnected set of production lines, that is, a network, rather than the traditional set of autonomous lines. In such a situation, one should ideally aim at total network design rather than total survey design. The network is optimised for the same dimensions as is the case when applying total survey design, but the optimisation is global rather than local. This does not imply that tailor-made production lines have to be totally banned, only that they have to be subjected to an organisation-wide assessment.
The need to design production lines collectively from a company-wide perspective calls for an enterprise architecture, which serves to a link pin between the strategic goals at the level of the organisation with the individual production lines used for producing the statistics.
An Outline of the Enterprise Architecture for Statistics Production
When applying an integral approach to statistics production, this does not mean that everything has to be designed at the same time. Rather, one can begin by putting up a framework which gives overall guidance when successively redesigning the production processes of the organisation, in such a way that the strategic goals of the organisation are met. Such a framework is called an enterprise architecture.
In the enterprise architecture of SN, the strategic goals are translated into a future model of making statistics as well as a number of principles that underpin this model. Naturally, this future model provides for the possibility of integrated production processes. It serves as a reference framework for redesigning statistical production processes and their supporting IT systems. The reference framework is mandatory in the sense that redesigned processes have to be consistent with the enterprise architecture on the basis of 'comply or explain'. A governance process has been implemented accordingly. This process is described in Section 5.
Within an enterprise architecture, a distinction can be made between an overall business and information architecture on the one hand, and a software and infrastructure architecture on the other hand (Van 't Wout et al. 2010). The software and infrastructural needs follow the business and information needs. In this article we focus on the business and information architecture (Huigen et al. 2006 (Huigen et al. /2009 ). We will broadly describe the contents of the architecture as developed by SN, emphasizing its key features. The architecture will be illustrated by an example in the domain of economic statistics, showing the added value of this approach.
Future Model of Making Statistics
The future model of producing statistics is founded on a number of key principles. We briefly mention the four most important ones.
. Output orientation. SN wishes to publish relevant statistical information of high quality, tailored to user needs. These needs are leading when (re)designing statistical production processes within budgetary constraints. This implies that the output requirements need to be specified at the earliest stages of the redesign. The specifications include quality requirements. Legal obligations, in many cases captured in European regulations, are to be met at all times. Other less formal information needs must be established and formally decided on by SN on the basis of cost-benefit considerations given the strategic goals. . Accessibility and comprehensiveness of the statistical information. For users of statistical information it is important that the information is both accessible and comprehensive. This is true for external users as well as for staff within SN that make use of statistical information as input for further processing. The principle not only implies that the populations, the variables and the reference periods to which the data relate are clearly defined, but also the quality of the data. The relevant quality dimensions depend on the use to be made of the information. Such data describing information is called metadata. When (re)designing a production process, this kind of metadata needs to be considered explicitly: there is no data without metadata. Although this may perhaps seem obvious, practice shows that it is often not so easy to comply with this principle. It also contributes to the strategic goal to improve coherence. . Reuse of data and metadata. The policy at SN for data collection stipulates never to ask for information by questionnaire if that information is available in any administrative register. Only if it is unavoidable can information be collected directly from respondents, but even then the information can only be asked for once. Moreover, the use and reuse of source data and intermediary results by different internal users not only supports reduction of the reporting burden, but also contributes to higher cost effectiveness. A prerequisite for reusing data and metadata is that the available statistical information is accessible to internal users (see previous principle). Another prerequisite is, of course, that there are no legal obstacles to reusing data. Fortunately, the Dutch Statistics Act actually promotes the reuse, for statistical purposes, of data by SN. . Modular production lines. The future statistical production processes are designed by making use of customisable standard modules. The resulting production lines are cost efficient and can be adapted more easily and flexibly to changing information demand.
The model and the principles described above hold for all future statistical production processes of SN. It covers the production of both social statistics and economic statistics. But up till now, the implementation of production processes according to the enterprise architecture has focused mainly on the first three principles, as we will see in Subsection 3.3. In Section 4, the consequences of the fourth principle are discussed. In addition to the four principles, the enterprise architecture is based on three notions that appeared to be useful in working out the future process model and underlying principles. These notions are steady state, fixed data interface and chain management. They have to do with the network aspects of making statistics, mentioned in Section 2. Statistical production processes are connected to each other when the output of one process is (re)used as input for another. For instance, data are collected only once and then reused where needed. But also processed data can be reused, and even disseminated data are used in a feedback loop when producing data on subsequent periods, or can be further processed in the context of other statistics. In this sense, the set of production processes can be seen as constituting a network. An example of such a network is given in Subsection 3.3.
In order for the output of one production process to be usable as input for another, this output has to be not only well defined, but also stable. Statistical data sets that fulfil these requirements are called steady states. They are well defined, that is, the populations, the variables and the reference periods to which the data relate are clear as well as the quality of the data. Thus, a steady state consists of statistical data and the corresponding metadata. The stability concerns their quality. In the current production lines, the quality of the data is often continuously improved, without clear standards. To the (internal) users there is much uncertainty about the version to be used as input for further processing, since there is always a new 'latest' version. In the future production lines this uncertainty is removed. Although a steady state may consist of different quality versions (for example relating to preliminary and final figures), each quality version is stable and designed in advance. For short, we will call each quality version a steady state.
For reuse it is important that the steady states are internally accessible. To that purpose the enterprise architecture of SN recognises a number of fixed data interfaces. Besides the (internal) archive function, a data interface facilitates the exchange of steady states between different production lines, including the metadata concerned. A data interface has two sides: one side to deliver the statistical data set and one side to retrieve it. The supplier of the data (supplying production line) delivers and the user of the data (demanding production line) retrieves. For the physical realisation of the data interfaces, an organisational unit called the Data Service Centre (DSC) has been created. It archives the steady states and facilitates the reuse of data and metadata.
The third notion is chain management. It concerns the planning and coordination of the exchange of steady states between the statistical production lines (Van Delden et al. 2009 ). This is distinguished from process management, which is the management within a single statistical production line with steady states as outcomes. Chain management becomes more important as the reuse of steady states grows and hence the interdependency between the statistical production lines increases, that is, when we move further away from autonomous production lines towards an integrated network. Figure 1 gives a schematic representation of the ideal to-be situation for the production of statistics at SN. In the figure a distinction is made between the design of the production processes (upper layer), the management within and between the production processes (middle layer) and the implementation of the production processes (lower layer). The diamond shapes represent activities, while the rectangular shapes represent information products.
On the right-hand side, the design of the production processes starts by exploring the information needs. Based on these information needs the steady states including quality standards, as well as the production processes and methodology are designed, depicted as 'design data' and 'design process', respectively. Thus, the design is output oriented in accordance with the first principle, and is restrained by the strategic aims of the organisation and by policy, in particular budgetary resources. The design of the data results in the specifications of the steady states. The design of the statistical production process results in production rules for the modules mentioned in connection with the fourth principle above. This is elaborated in Section 4. The specifications of the steady states and the production rules are both called metadata.
The implementation of the statistical production process actually produces the steady states and consists of working through a series of activities from data collection through dissemination. Note that the figure does not depict the dynamic nature of the statistical production process as it is possible to go repeatedly through parts of the process by reusing data.
Data to be shared among different production lines are exchanged through fixed data interfaces, symbolized at the bottom of the figure by 'data (steady states)'. 
Applying the Enterprise Architecture in Projects
At SN, redesign of statistical production processes always takes place in the form of projects. Related redesign projects are brought together under a programme in order to coordinate the dependencies between the projects and the deployment of resources. Usually the following disciplines are involved in a redesign project:
. Business analysts and project architects, who design the statistical production processes, compliant with the business and information architecture. . Methodologists, who are responsible for sound methodology. . Information analysts and software architects, who define the (IT-)use cases, the logical view and the implementation view of the production line to be built, compliant with the software and infrastructure architecture. . Software developers and testers, who actually build and test the production lines. . Statisticians, who are eventually going to use the production lines and who feed the project with subject-matter knowledge.
When applying the enterprise architecture in actual redesign projects (for an example see the next subsection), we encountered a number of practical issues. We mention the most important ones. First, the architecture reflects the corporate interest of SN. Often no local need to apply the architecture is perceived. Second, the architecture was initially developed and formulated top-down, without much explanation as to how and why it should be applied in practical situations. This led to misunderstandings. Third, there is a need for feedback to those who design the architecture from the level of application -by various disciplines that are involved in the redesigns projects -in order to get a practical set of architectural guidelines. These issues are related and show that the top-down approach has to be balanced with a bottom-up approach. In order to overcome these issues, a number of measures were taken. One was to form multidisciplinary project teams consisting of all the disciplines described above, including explicit involvement of project architects. A second measure concerned the governance structures that were set up. This is the subject of Section 5, which describes the context in which redesign projects operate. Feedback information from both operational and strategic areas has resulted in a number of improvements in the architecture.
Applying the Enterprise Architecture: an Example
The enterprise architecture has been applied and further elaborated in a programme for the redesign of economic statistics (Braaksma 2007; Braaksma and Buiten 2012) . This programme ran from 2007 to 2011. It focused on the core of statistics relating to economic growth, in particular annual business statistics and related short-term turnover statistics, which are covered by two European regulations: the Structural Business Statistics (SBS) and the Short Term Statistics (STS) regulation respectively. The system of National Accounts also fell within its scope. The programme centred on three strategic goals: increase efficiency 2 , reduce administrative burden and improve quality. This redesign programme explicitly followed an integrated approach based on a comprehensive architecture for the statistics concerned. That is, the compilation of the different economic statistics is no longer designed as a set of separate production lines (stovepipes) but rather as an interconnected set of related statistical production processes. Figure 2 shows the most important statistical production processes and their interdependencies. In the following we concentrate on the STS part of the programme.
In the context of the STS regulation, SN publishes the period-to-period growth rates of monthly, quarterly and yearly turnover for four major economic domains: manufacturing industry, retail trade, construction and other services (e.g., transport). Turnover corresponds to market sales in goods and services to third parties. These high-profile short-term statistics are used to analyse and monitor current economic developments at both the national and European level.
The STS output data are growth rate indices, which provide information as to how turnover has risen or fallen compared to the previous period (month or quarter). Information on the structure of the economy for a specific year is provided by the annual production statistics based on the SBS regulation. The STS and SBS, in turn, form input for the National Accounts. For example, the short-term turnover statistics are used as a source for the compilation of quarterly Gross Domestic Product (GDP) estimates.
Before the redesign, there were coherence problems between the turnover growth figures produced by STS and those of SBS and National Accounts. The differences were especially marked for large and complex business units. The coherence problems were difficult to trace and solve, because the STS and SBS production lines were designed independently of each other. In the new design, data for the large and complex business units are collected and processed in a separate production line, generating turnover figures which STS and SBS are obliged to use. This partly solved the coherence problems. To further deal with the inconsistencies, the STS turnover figures for the smaller and less Use of the VAT register also added to the reduction of the reporting burden, another important aim of the redesign. Central to this way of compiling economic statistics is the General Business Register, maintained by SN. From this register, population frames are derived once a month and these are used to delineate the populations of STS, SBS and the large and complex businesses in a coordinated way. They also provide a central linkage of business units to administrative units, that is, fiscal units in the VAT register.
The interrelated production lines described above and depicted in Figure 2 were designed simultaneously in two stages. In the first stage, in line with the architectural principles, the separate products to be generated by the production lines for STS, SBS, large and complex businesses and the General Business Register were specified in detail, including quality requirements and delivery dates. This resulted in properly defined steady states relating to the different periodic growth figures and the population frames that could be exchanged according to the agreed delivery dates. In fact, different quality versions of the steady states were defined. All parties involved, including National Accounts as a major user of the turnover figures, collaborated in this stage, which can be seen as a form of chain management by matching demand and supply. In addition, agreements were made on error handling in the monthly population frame and about dealing with (too) large differences between the turnover totals of STS based on VAT data and SBS based on survey data. Note that the new design has not completely eliminated the inconsistencies between STS and SBS. This first stage corresponds to the component 'design data' in Figure 1 .
Given these joint agreements on the data to be produced, that is the steady states, the individual production lines could be further designed relatively independently of each other in a second stage. In Figure 1 , this stage is represented as 'design process'. If data has to be exchanged between various users the production lines are ideally connected to a standard data interface. However, at the time the programme was carried out, this principle did not have the highest priority. The standard data interfaces, which are realised by the DSC (see Subsection 3.1 above), were not fully operational. Similarly, the various production lines were designed as much as possible according to the same pattern, but not modular. The approach of modular production lines is still in its infancy. In the next section we will elaborate on this approach.
Modular Production Lines and Standardisation
The architectural principle of using standard modules for statistical production lines may seem obvious, since the reuse of parts of production lines has a high potential for cost reduction. However, there are a number of complicating factors. First of all, the modules can be viewed either from a business (process) perspective or from an IT (system) perspective. These different viewpoints are not always recognised and may cause miscommunications. In both approaches it is difficult to choose the most useful modules. Especially for the IT modules, complications become apparent when considering the degree of parameterisation, performance requirements and integration problems between modules. Moreover, there is a limit where further standardisation is no longer efficient in terms of costs or flexibility. We consider achieving optimal standardisation a main challenge of the redesign programme of SN. We have converged to the following approach, which starts from a business perspective rather than an IT perspective.
Roughly, when designing a modular production process we find it useful to distinguish between the design of the 'know' and its 'flow'. The know involves the choice and specification of the statistical methods, such as imputation methods or estimation methods. The flow involves the deployment of the know: the process modules in which the statistical methods are encapsulated, the order of these modules, the decision points that manage the statistical data through the modules, the triggers to start or end a module, and the process indicators to manage the flow as a whole. A trigger may be quality driven, cost driven, time driven or event driven.
Note that the process modules provide the link between the know and the flow. We will explain this by means of an example. Suppose we have a statistical dataset which has to be validated and corrected for so-called 1000-errors, such as made by respondents to surveys who overlook that turnover has to be given in thousands of Euros. In order to do so, a standard statistical method is to compare the data in this dataset, that have to be validated and corrected, with reference values. The discrepancy with the reference value is compared to a norm. If the discrepancy is too high, a correction is carried out. If this is not the case, the value is retained. Quality indicators are used to indicate the validation or correction of the data. So the process module has an input value, a reference value and a discrepancy norm as inputs, and an output value and a quality indicator as outputs for each data item that has to be processed. The input values are assumed to be available. A common method to obtain reference values is to take group means. The question is whether these group means should be determined within the validation module or that we should define a separate averaging module for obtaining group means; or even more generically, a module to estimate population means/totals. This example shows the difficulty of choosing the scope of an individual module and the level of granularity of the set of modules.
Although statistical methods are a key factor when constructing modules, the architecture itself does not make methodological choices. Instead, it prescribes the standard methods that may be used. Recently, the enterprise architecture of SN has been complemented by a series of standard methods. This series can be seen as a catalogue of validated and approved statistical methods, presently used at SN, that can assist in the design of a production process. By using only approved methods included in the series, the quality of the output of a production process can be better substantiated. A first version of the series was completed in 2010, and will be updated at regular intervals with new and improved methods. For example, a method to validate and correct 1000-errors is described in this series.
The process modules described above are the natural starting point to define IT modules. These IT modules do not necessarily correspond one-to-one to the process modules. Because of performance reasons, IT modules may consist of more than one process module. If process modules are commonly used together in statistical production processes, this may be taken into account when building IT modules.
An important consequence of the modular approach is that IT modules should be rule based. Standard methods, and the process modules that use them, can involve complex parameterisation (or specification). We call an IT module rule based if its control parameters can be specified by non-IT specialists (for example subject-matter specialists or methodologists) by means of an easily accessible interface, without need to change the internal code of the IT module itself. The extent to which an IT module should be rule based is an implementation choice, and touches on the issue of local and global interests. This choice depends on implementation costs, maintenance costs and the expected need to adjust the specifications. In general, the implementation costs will rise as the IT module is more rule based. Similarly, the costs for specification of rules will rise. But on the other hand, the more generic rule-based IT modules can be used in more different statistical production lines.
A key issue to consider is interoperability. When putting together different IT modules into a single statistical production line, one might encounter a problem of integration because the IT modules speak different languages and do not fit seamlessly together. This requires either a conversion effort between IT modules or a standardised exchange format ('plug and play').
In order to facilitate the (re)design of statistical production processes, one could consider developing a library of standard process modules. A number of potential candidates is currently being identified and described (Camstra and Renssen 2011) . In addition to this library of standard process modules, one may also consider a library of standard IT modules. These IT modules are linked to the process modules, are rule based and are interoperable. The IT modules can be exploited to quickly and efficiently design and build a rule-based modular production line. By adjusting the rulebased specifications, it would be possible to quickly and flexibly respond to changing information demand.
To give an example, SN has recently developed an IT module for macro editing (Ossen et al. 2011) . The main feature of this module is to validate statistical data at an aggregate level and if desirable to zoom in and edit the data at the micro level. This module is flexible in the sense that users can specify their own levels of aggregation for different types of units. As a policy, the degree of flexibility of an IT module should be such that it is applicable in at least two statistical production processes. This is also the minimum rate for developing a standard IT module. The idea is that other statistical production processes will follow. Naturally, this is stimulated during the redesign projects. Currently, one year after the release of the IT module for output validation, it has been successfully integrated in four statistical production processes including the redesign of economic statistics described above.
We conclude that we have not solved the standardisation challenge yet, but we have made progress. Statistical methods are standardised and reused. A library of standard process modules is under development. But we do not yet have a library of standard IT modules, nor do we have rules to balance costs, flexibility to accommodate changes in available input or required output, and other aspects that are relevant when pursuing standardisation. This means that in practice judgmental choices have to be made when redesigning statistical production processes. For this, SN has put a governance structure into place. This is the subject of the next section.
Governance and Organisation
When embarking on a redesign of multiple statistical production processes, several aspects are relevant from a managerial perspective:
. managing the portfolio of redesign projects. . managing individual redesign projects. . managing the enterprise architecture.
This implies a need for specific governance provisions. These provisions have to ensure that the projects are correctly prioritised and that they are efficiently executed in compliance with architectural requirements, which in turn have to reflect the strategic goals. They have to be tuned to the existing organisation, within budgetary constraints and taking into account the organisational culture.
In order to manage the portfolio of redesign projects and to manage the enterprise architecture as such, two central boards have been created, the Central Portfolio Board (in Dutch: CPR) and the Central Architecture Board (CAB), respectively. In the following subsections, the governing and organisational arrangements are described, including these two boards.
Portfolio Management
For the prioritisation of projects at the level of SN as a whole, the CPR has been established. It is chaired by the Chief Information Officer (CIO) of SN; all internal stakeholders are represented at strategic management level.
The CPR decides on the actual redesign programme at corporate level, by selecting which projects are to be executed from the proposals submitted by the various business units (who also have their own portfolio boards). Portfolio decisions are taken in the light of strategic goals, and on the basis of business cases that are provided with each redesign proposal. A business case is a comprehensive assessment of all current and future costs and benefits; this is further explained in the next section.
The CPR also allocates resources, in particular concerning IT services, statistical methodology, process development, and project management. The CPR does not actively pursue a multi-annual plan of controlled redesign of all statistical processes. Rather, business units provide requests that have been prioritised by their own portfolio boards.
Managing Individual Redesign Projects
Once the projects have been prioritised, they are executed following the well-known Prince2 project management method (Office of Government Commerce 2009). This method ensures that stakeholders' interests are systematically taken into account. For each project a steering committee is established, in which the following main roles are distinguished (note that a steering committee member may have several roles at once):
The executive is usually the owner of the statistical production process to be redesigned. The executive chairs the steering committee and is responsible for the realisation of the project. The users have an interest in the deliverables of the project. For instance, they may be involved in carrying out the statistical production process concerned or make use of its output. The suppliers provide the resources necessary for the redesign project as described in Subsection 3.2. The Prince2 project management method provides for a solution mechanism for situations in which stakeholders disagree.
The use of Prince2 in itself does not guarantee that the results of the projects are in line with the strategic goals of SN as incorporated in the enterprise architecture. In fact, as is the case with any enterprise architecture, compliance issues have to be dealt with (Foorthuis 2012) . Therefore, in addition to the use of the Prince2 method, there are a number of compliance requirements to which projects have to conform. These requirements stem from the architectural framework as described in Subsection 3.1 and take the shape of templates (BAD, MAD, SAD, refering to business, methodology and software, respectively; Hofman 2011) describing the main aspects of the redesigned statistical production process. These aspects are the output data of the production process, the data to be used as input, the methodology used, the process flow and the IT landscape. In effect, the templates provide guidance for applying the enterprise architecture in projects.
Once the redesigned production process is described according to the templates, it is reviewed. For this, a review procedure has been implemented (Foorthuis et al. 2009 ).
Managing Architectural Issues
Evidently, the enterprise architecture as such has to be managed. That is, formal decisions have to be taken on its contents and scope. Of course, managing the enterprise architecture also implies change management.
As mentioned in Section 3, in the enterprise architecture the strategic goals are translated into a future model of producing statistics, as well as a number of principles that underpin this model. Decision making on the architecture thus involves making explicit choices on how to interpret the strategic goals and make them operational. This includes making choices on what aspects of producing statistics to incorporate in the architecture. For instance, are the methods series or the set of standard IT tools to be included in the architecture? It also includes making choices regarding the balance between local and corporate interests. This is particularly important, since the architecture is a reference framework for the individual redesign projects. Stakeholders in the strategic goals of SN are not systematically represented in the steering committees of these projects, but their interests are served by the templates (BAD, MAD, SAD) to be used by each project.
It is important to emphasise that the enterprise architecture is a point on the horizon. It is a blueprint of the desired future situation regarding the organisation's processes and IT. As a consequence, decisions have to be taken concerning the trajectory to be followed in order to approach that point on the horizon. This gives rise to issues such as the question of what architectural principles deserve priority and the extent to which compliance with the architecture has to be enforced, in particular if services such as the DSC are not fully operational yet and the set of standard IT tools and modules is still being developed. In fact, the management of such 'libraries of standards' is itself an issue. And again, the choices to be made have to take into account both legitimate local and corporate interests.
The Central Architecture Board (CAB) has been created to address all architectural policy questions mentioned above. It is the board where architectural principles are prioritised and compliance issues discussed. The templates used in the redesign projects are formally approved by the CAB. It also advises on the set of standard IT tools, mentioned in Section 4. At SN, decisions on IT issues are not taken by a corporate IT board, as is done in some other countries; SN does not have such a board. The reason for this is that IT is seen as the solution to business issues. These have to be solved in accordance with the enterprise architecture, of which the IT architecture is a part. This makes the CAB an appropriate board to discuss strategic IT issues (Hofman and Van der Loo 2011).
The CAB is an advisory body of the Board of Directors and is chaired by the head of the CIO office of SN. All stakeholders, either with local or corporate interests, are represented at tactical management level. In fact, the CAB is one of the places where the tension between local and corporate interests can be addressed: those carrying the costs of complying with the architecture in individual redesign projects meet with those in charge of the realisation of strategic objectives, such as the reduction of the overall administrative burden to business or cost reduction through software standardisation. The CAB has proved to be instrumental in obtaining support for the approach to redesigning statistical production processes under architecture.
The role of cost-benefit considerations in the decision making of the CAB is discussed in the next section.
Cost-Benefit Considerations
As explained in the previous sections, the four strategic goals of SN are advanced by applying an enterprise architecture, promoting standardisation and implementing organisational provisions for managing redesign projects. However, the goal of cost efficiency is only reached if cost-benefit considerations are correctly taken into account when taking decisions, of course. We look at cost-benefit considerations first for the architecture, then for deciding on standardisation, and finally for project decisions on individual (re)design projects in the context of portfolio management.
The decision to start redesigning statistical production processes based on an enterprise architecture was strategic. Preparations were started in cooperation with an external partner, resulting in a so-called ICT Masterplan (Deloitte and Statistics Netherlands 2005; Ypma and Zeelenberg 2007) , which envisaged an architecture for SN as a whole, the redesign of virtually all statistics under this architecture and central provisions for its implementation. The plan was not based on a detailed, quantitative, enumeration of costs and benefits through time, allowing an analysis of return on investment. Rather, preliminary studies by the external partner showed the strategic necessity to embark on the redesign of statistical production processes within an architectural framework. Basically, these studies provided the reasons for applying an integral approach, as described in Section 2. One of the supporting observations made was that most large information processing organisations have had similar experiences to those of SN: a proliferation of software tools at the end of last century, followed by a drive for standardisation.
The fact that the decision to develop and apply an enterprise architecture was based on strategic considerations and perceived logic rather than a detailed insight into costs and benefits does not mean that subsequent investment decisions cannot be based on costbenefit analyses. On the contrary, where possible, this should be done. Once the architecture is in place, two types of investment decisions can be distinguished: the decision to develop a standard process or IT module or tool, for instance for data editing, and the decision to redesign a specific statistical production process or set of processes within a common architectural framework. These two types of decision are intertwined. The benefits of a standard IT tool or module will increase with each process that is redesigned to use it, and a redesign becomes more attractive the more standard IT tools or modules are available to support it. On the other hand, investing in IT standards has to be based on the assumption that sufficiently many redesigned processes are going to use them, and investment decisions on new statistical processes must be made under the assumption of availability of necessary IT tools and modules.
Architecture Costs and Benefits
As already said, the decision to start developing an enterprise architecture was not based on explicit and quantitative cost-benefit considerations. It is possible, however, to give some indications on both aspects in hindsight. Below we give an overview of costs that have been made and benefits that have been realised so far.
On the cost side, we can distinguish between initial investment costs, maintenance costs and support costs. The initial investment concerned a core team of two external consultants and three internal experts who worked almost full time during a six-month period in 2006 on drafting the enterprise architecture. For the business architecture in particular a lot of pioneering work had to be done, since no examples existed at the time. Many elements had to be developed from scratch. Many other people were involved part time, for example for reviewing drafts and for supplying subject-matter background knowledge.
After the initial development phase, a small team of architects was established including two lead architects (one for the business architecture, one for the IT architecture). Their task is to maintain, promote and further develop the enterprise architecture. They also prepare the meetings of the CAB. The architects combine their architectural work with other duties like consultancy, research, business analysis and software development.
Another cost element is training in architecture. A first batch of people was trained by external consultants using a standard off-the-shelf course. This was considered not sufficiently tailored to internal needs and therefore in 2009 a three-day course on business architecture was developed in-house. The internal course has since been given annually for staff who need more than a casual understanding of architecture (business analysts, methodologists, software developers). They highly appreciated the course.
Thus, the bulk of costs concerns human resources. Apart from this, some limited costs arise from software tools supporting architecture development.
On the benefit side, most rewards materialise through application of the enterprise architecture in concrete (re)design projects. Various benefits are reaped when applying the architectural approach: for example, statistical production processes run more smoothly, cost less, are better integrated into the existing environment and are more transparent, which in turn enhances quality and speed and reduces risks. It is difficult, however, to quantify such benefits since most of them are not easily measured, the role of architecture is intertwined with other aspects (like project management methods, software development methods) and we cannot conduct falsifiable or repeatable experiments. This situation is acknowledged in the scientific community (Liimatainen 2008) , although some attempts are being made to measure benefits (Boucharas et al. 2010) .
Larger-scale redesign programmes may reap additional benefits from an architectural approach by developing a programme architecture at an early stage. A clear example is the redesign of economic statistics introduced in Subsection 3.3, which has benefited greatly from the comprehensive programme architecture that was developed in early 2007. The programme architecture enabled integral management of the development programme, and scoping of individual projects was simplified. Moreover, a new and efficient organisational structure for economic statistics has been created along the lines of the programme architecture. And while the main role of the programme architecture was at design time, it still plays a part at run time. This is most obvious in chain management, where the concept of steady state is rather important and is used heavily to manage quality expectations and realisations.
Furthermore, an important indicator for the perceived benefits of the enterprise architecture is its acceptance by the business, in particular key players in subject-matter domains. An audit by a team containing external auditors showed general appreciation among persons interviewed (internal report by the audit team, consisting of D. Baart, A. Cholewinska, J. Jansen and Y. Vergeer, 2011). In particular, the steady state concept was highly valued. Concerns expressed relate for example to scalability -how much architecture is needed for smaller projects? -and communication. The fact that appreciation for the architecture has increased is probably due to a number of key factors. First, the business now better understands the enterprise architecture and its uses. Second, a continuous dialogue and interaction of architects with end users has helped to improve the architecture and the way it is being applied. Third, the continued support and commitment from strategic management for the architectural approach, as seen in the CAB, was crucial.
When the notion of architecture was first introduced, it met with scepticism and its added value was questioned. The scepticism has largely disappeared over the years and the added value is now broadly recognised. Architecture has become an established discipline.
Standard IT Tools and Modules
As to standard IT tools and modules, it has proved difficult to give decision making a sound financial footing, although development or purchase costs can be estimated. A wellfounded judgment requires an overview of processes where a potential standard tool or module is to be applied, insight in the costs of implementation (including interfaces), an idea of training costs, a comparison of old versus new maintenance costs, life cycle estimates, and so on. As a result, decision making on IT tooling is based on qualitative rather than quantitative considerations.
Applying potential new standard IT tools or modules in a pilot setting may help to get a feeling of the costs and benefits involved. This approach is implemented as one of the key elements of the Innovation Programme that Statistics Netherlands has started in 2012 . Although the experience at the time of writing is still limited, already a number of successful pilot studies of potential standard IT tools and modules have been carried out, in close cooperation between potential users and IT staff. The fact that potential users are actively involved helps to ensure that a new tool actually satisfies business needs and hence improves the chances that it will be actually used. One new tool (Microsoft PowerPivot, an Excel add-on for processing large datasets) is, after a successful pilot study, submitted for inclusion in the set of standard IT tools mentioned in Section 4. Others are expected to follow.
Individual Redesign Projects
As mentioned in the previous section, project decisions in the context of portfolio management are based on their business case. This comprehensive assessment of all current and future costs and benefits includes financial as well as nonfinancial aspects. It includes, for instance, direct project costs, current and future maintenance costs, training costs, depreciations, required staff, effect on quality, response burden, continuity considerations and strategic consequences. Proposals for redesign are usually compared to alternative scenarios, including as a minimum the scenario of not starting any change at all. A manual for writing good business cases has been developed with the help of external experts. Business cases are assessed by controllers and other internal staff. When choosing between proposals that have a valid business case, the CPR is led by strategic considerations.
In practice, the problem of interdependent business cases between projects can be dealt with by starting with an integrated business case in which costs and benefits may not be fully quantified, but in which strategic considerations are taken into account. Individual projects may then refer to the overall business case and may assume the realisation of the other projects that are covered by the overall business case. Such constrained business cases allow for effective project assessments at their inception as well as during their execution. Moreover, the overall business case can be updated at intervals. When redesigning the chain of economic statistics, as discussed in Subsection 3.3, this was the approach taken.
As to quality, it was assumed that redesigned statistics would at least retain their previous level, in accordance with the second strategic goal as mentioned in Section 1. This assumption was not further specified, although the quality aspect of coherence was expected to improve. Actually, apart from sampling errors and response data, for many statistics most other quality dimensions are not routinely quantified. It was envisaged that applying architectural standards, such as specifying the quality dimension of datasets, would help reduce the weaknesses concerning quality information of statistics (Struijs 2005) . For example, in the redesign programme of the chain of economic statistics this was taken into account by explicitly addressing quality indicators in chain management and its procedures. Unfortunately, it is too early to draw conclusions about the actual effects of the redesign of statistical production processes on quality, because results are only now emerging. The proof of the pudding will be in the eating: it is up to the users of the statistical information to assess the results of the redesign efforts.
Experiences and Lessons Learned
Redesigning statistical production processes within a common enterprise architecture has been underway for about seven years. What can be learned from the Dutch experiences? On the positive side, we conclude that an enterprise architecture for an NSI can be developed and applied. Although not fully mature, the architecture of SN is accepted throughout the institute as the mandatory reference for the redesign of statistics.
What has actually been achieved? SN has set up a Central Architecture Board (CAB) to address all architectural policy questions. Templates are available to guide the redesign projects. These templates are approved by the CAB and incorporate the essence of the enterprise architecture. For example, the principles of output orientation and comprehensiveness of statistical information are embodied in the templates. The notion of steady state has proved to be most useful in redesign projects, as illustrated by the example in Subsection 3.3. It enforces discipline: those responsible for statistical production processes have to explicitly specify their products and their potential customers. SN has implemented a Data Service Centre (DSC) to archive and exchange steady states, although its actual use has so far been limited to the archive function.
Of course the enterprise architecture is not an end in itself, but should be instrumental in bringing the strategic aims of the organisation closer to realisation. The question is to what extent the enterprise architecture has been successful in doing this. Due to the application of the concept of steady states, the comprehensibility of the data has been improved as well as the transparency of the production process. This has primarily advanced the goals of high quality standards and cost efficiency.
What has been achieved so far can be seen as an important first stage. We feel much more can be achieved to advance the strategic goals, in particular the cost efficiency. After all, the enterprise architecture only outlines a point on the horizon. In order to get closer to this future situation we need to further develop the DSC so as to facilitate the exchange of steady states. Furthermore, we have to invest in the libraries of process and IT modules, but there are still many issues in this area to be addressed. On the one hand, these issues concern the difficulties in identifying reusable modules and choosing the optimal degree of (rule-based) parameterisation. On the other hand, for many modules the business case is not well established. Especially for the IT modules the investment costs are considerable. In this area, there may be opportunities for international cooperation. This will alter the business case, since investment costs will be shared. But this requires considerable coordination effort.
Many institutes face the same challenges. In fact, they have started cooperating internationally. See for example the vision of the High-Level Group for strategic developments in Business Architecture in Statistics, established in 2010 by UN/ECE (HLG-BAS 2011). As a start, this vision resulted in a common language and structure regarding statistical process and information modelling. The international reference for process modelling is GSBPM and for information modelling the newly developed GSIM (Generic Statistical Information Model). A joint study conducted by Scandinavian countries and the Netherlands (Booleman and Linnerud 2010) has shown that the NSIs of these countries already have similar architectures when mapped onto GSBPM, which could be a good starting point for identifying promising cooperation efforts.
The achievements described above have not been realised in a straightforward way. We have learned a number of lessons, some positive, some negative, that deserve to be made explicit for the benefit of other NSIs. We mention the following three:
. Initially, support for an enterprise architecture was not general. Backing by the top level appeared to be essential to get over the critical point. The CAB played a crucial role in adapting and accepting the enterprise architecture. Two shortcomings in the architecture had to be corrected. First, the enterprise architecture focused too much on corporate interests and neglected the local interests. Second, the enterprise architecture was developed and formulated top-down, without much practical explanation as to how and why it should be applied. . Complying with the enterprise architecture requires the fulfilment of certain organisational arrangements. For instance, compulsory use of standards implies the availability and accessibility of these standards. The same holds for reuse of data. As long as these organisational arrangements, like the DSC, are not fully implemented, there is much miscommunication and frustration when these standards are prescribed. In fact, the lack of the necessary organisational arrangements affects the business case of an enterprise architecture negatively. . Although a good business case is essential for a good project, there are two caveats when applying it in the context of the redesign portfolio. First, not all costs and benefits can be expressed in financial terms, forcing a comparison of apples and oranges and causing a bias in favour of measurable aspects. Second, costs and benefits may depend on the realisation of other projects and vice versa. In such cases an integrated business case is called for, which may be awkward from a managerial point of view. In particular, standardisation benefits materialise only if adoption is sufficiently massive. This does not mean that the effort of specifying all costs and benefits does not make sense. It does, but the available information has to be used wisely.
How to proceed? Directed by the CAB and in cooperation with the business units concerned we would opt for an incremental approach. For example, we could first further develop reusable process modules and apply them in actual redesigns. Only after successful evaluation is it worthwhile to move to the next level and focus on creating reusable IT modules, starting with a proof of concept. Implementation of an IT module as a standard depends on cost-benefit considerations.
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